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Taking the Pulse of Protein
Interactions by EPR
Spectroscopy
David S. Cafiso*
Department of Chemistry and Center for
Membrane Biology, University of Virginia,
Charlottesville, VirginiaABSTRACT An article by Gaffney
et al. in this issue establishes a method
using pulse electron paramagnetic res-
onance spectroscopy to determine the
location of protein substrates or binding
partners with high precision.
High-resolution structures represent
a significant step toward understanding
the molecular function of proteins, and
x-ray crystallography has been the
most important method for generating
these structures. However, even when
excellent high-resolution structures
are available, the molecular mecha-
nisms that promote function may be
elusive. Regions of proteins that are
important for function may not be re-
solved, and the structure or position
of binding partners or small ligands
may not always be revealed, particu-
larly if these ligands do not assume
a well-defined configuration. More-
over, the conditions under which
x-ray crystallography is carried out
may stabilize specific structural sub-
states from a range of conformers that
define the functional state of the pro-
tein (1). As a result, conformers that
represent functional or energetically
excited protein conformational states
may not be revealed.
A number of exciting new spectro-
scopic methods based upon magnetic
resonance and fluorescence are now
being used to probe protein function
and they provide a powerful comple-http://dx.doi.org/10.1016/j.bpj.2012.10.005
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methods. Among these approaches,
site-directed spin labeling is an emerg-
ing methodology based upon electron
paramagnetic resonance (EPR) spec-
troscopy that has found a wide-range
of applications in defining biomolecu-
lar structure and in determining molec-
ular mechanisms. EPR spectroscopy
can reveal local dynamics, structure,
and structural changes (2–4) and is
one of a few methods that can explore
membrane protein structure in mem-
branes. Moreover, EPR spectroscopy
is particularly well suited to examine
dynamic regions of proteins that are
difficult to study but play important
roles in mediating protein-protein in-
teractions (5). Recent advances in
pulse EPR instrumentation combined
with the development of sample prepa-
ration techniques (see, for example,
Zou and McHaourab (6)) have dramat-
ically improved the sensitivity of
experiments such as double electron-
electron resonance (7). This method
measures weak dipolar interactions be-
tween spin labels and permits the de-
termination of distances and distance
distributions out to 60 A˚ngstroms or
more.
In this issue, an article by Gaffney
et al. (8) describes the use of both con-
tinuous wave and pulse EPR spectros-
copy to determine the location of the
substrate-binding site on soybean lip-
oxygenase. Lipoxygenases are impor-
tant enzymes in development, which
play a role in many lipid-mediated sig-
naling pathways. While there are high-
resolution crystal structures for these
proteins, the position of the substrate
in the active site is not well resolved,
particularly at higher pH values where
the enzyme is most active. As a result,
there is currently debate regarding the
likely mode of substrate binding and
the dynamics of the substrate in the ac-
tive site. The authors of this work take
a unique approach to map the position
of the lipid substrate when bound to
lipoxygenase. To minimize the uncer-
tainty that may be associated with ro-
tamers of the spin-labeled side chain,the authors use a modeling approach
and identify suitable sites for labeling
within the protein interior. In these lo-
cations, label conformations are con-
strained by neighboring residues and
the local environment.
The authors measure distances be-
tween 10 pairs of labels within the pro-
tein, which are found to be consistent
with the x-ray structure. These mea-
surements establish grid points for the
positions of the spin-labeled side
chains within the protein and define
likely rotameric configurations for the
labels. The authors then measure five
distances between protein-associated
spin labels and a spin-labeled substrate
analog, and use all 15 experimental
distances in a distance-geometry ap-
proach to define the position of the
substrate and its headgroup. Because
the positions of the protein-associated
labels are well defined, uncertainty in
the location of the substrate may be as-
signed to substrate conformers that
were trapped during freezing. This
work provides a clear indication of
how the substrate must dock to the pro-
tein, and conformational heterogeneity
that is observed in the headgroup re-
gion indicates how twists in the lipid
substrate might be accommodated dur-
ing catalysis. The general method
taken in this study establishes an ap-
proach that may be used to locate small
flexible substrates such as peptides
with excellent precision in a macromo-
lecular complex.
This work adds to a number of ex-
cellent examples that are documented
in recent reviews (see McHaourab
et al. (4) and Klare and Steinhoff (9))
in which pulse EPR has been used to
measure protein structural changes
and examine conformational substates.
The G-protein coupled receptor rho-
dopsin was mapped by a triangulation
method generating a matrix of the
spin-labeled side chains in dark and
light activated states, thereby revealing
the extent of the helix movements that
2048 Cafisotake place during protein activation
(10). Pulse EPR has also been used to
characterize the weak self-association
of the bacterial chemotaxis CheA histi-
dine kinase (11), and long-range dis-
tances obtained by pulse EPR data
have been used in combination with
small angle x-ray scattering and fluo-
rescence resonance energy transfer
spectroscopy to define a structure for
the multiprotein ESCRT complex,
which is essential in membrane protein
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